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LANDMARK ORBITAL NAVIGATION PLAN FOR APOLLO T

By Richard E. Eckelkamp
SUMMARY

This report presents the nominal navigation plan for orbital
navigation for Apollo 7. Included are the landmark sighting schedule,
the times for vector and schedule uplinks, and the erasable weighting
structure load.

INTRODUCTION

One of the test objectives of the Apollo 7 mission (Mission C,
or AS-205/CSM-101) is to exercise the procedures and programs of a new
space-navigational method, landmark sighting, and to evaluate its
potential. This method is capable of determining both the coordinates
of the landing site and the orbit of the CSM during the lunar missions.

Basically, telescope or sextant sightings on landmarks are processed
through a statistical filter in order to correct the command module
computer's (CMC's) state vector for the command and service modules (CSM)
or a landmark, or both. As currently planned, during the first lunar
landing mission this orbital navigation method will be used for landing
site determination in the landmark or landing site mode, i.e., the up-
dating matrix will be a 3 x 3 and will update the coordinates of the
landmarks only. This procedure determines the landing site position
relative to the CSM-LM orbit and/or transmits the mark data by telemetry
to the ground processor without affecting the vehicle position and velocity
portion of the state vector. Two days of orbital navigation are planned
for Apollo 7. On day 3, the 3 x 3 mode will be exercised; on day 6,
the 9 x 9 mode. This order is preferred because

l. The astronant will be aided by the auto-optics being more
accurate for 3 x 3 navigation since updates are provided by MSFN.

2. More unknown landmarks must be used at the beginning of sighting
passes on day 3, a condition which is detrimental to 9 x 9 navigation
and indifferent for 3 x 3.




3. 3 x 3 is the planned method for lunar mission use and should
be given preference in the sequencing of tests in the event that fuel
constraints or the premature termination of the mission prevent the
day 6 exercise.

SELECTION OF A NAVIGATION PLAN

Since the primary purpose of landmark sightings during Apollo T is
to provide data for postflight eveluation of the method as a navigational
tool, it is necessary that the onboard state vector and other pertinent
data be downlinked. This requirement plus the requirement for accurate
RTCC state vectors for postflight analysis indicate the need for maximum
MSFN coverage. Without this coverage no comparison would exist for the

command module computer (CMC) vectors. Secondly, use of the recorder
presents data limitations due to the speed of readout over a station.

Accordingly, the majority of sightings must be made during the
passes over the United States, Mexico, and Central America. Only those
orbits during which the crew timeline and ground coverage were optimal
were investigated. Maneuvers and some other test objJectives also re-
quire optimal coverage. With these considerations orbital navigation
will occur on days 3 and 6 (ref. 1). It should be noted that, if during
real-time mission planning, orbital navigation should be moved to
another day, its exercise still demands optimal MSFN passes for success.

Selection of a Sighting Schedule

To determine the availgbility of landmarks during the optimal
passes, an ephemeris of the CSM was first generated from the Apollo T
operational trajectory (ref. 2). The initial vectors (in the nearest
Besselian year coordinaste system) for the ephemeris were

Day 6 Day 3
X, ft . . 21543591. X, ft . . 21657322.
Y, ft . . -2615935. Y, ft . . 224k6621.
z, ft . . 1001103. Z, ft . . -12k49560.
X, fps . 1811. X, fps . -1598.

Y, fps . 21716. Y, fps . 21602.



Day 6 Day 3
Zz, fps .  13110. 7, fps .  13246.
t ... 8557.9481 min g.e.t. t . . . . 4374.0918 min g.e.t.

The vehicle area was taken to 129.4 f£t2?, and the drag parameter,
0.137798 ft2/slug. At designated times & check was made to see if any

landmarks were visible. Contraints on the check are discussed in the
following sections.

_ Occultation Constraint.- A necessary property of a usable landmark
(see illustration below) is that it not be occulted by the horizon.

I

;// ~—CSM

Let T. = the vector from the center of the earth to the top of the

L
landmark.
iL = a unit vector pointing along ;L
;C = the vector from the center of the earth to the CSM
iC = a unit vector pointing along (;L - ;C)



Now, using the definition of the dot product,
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From results of the Gemini program, 6 must be less than 55°, if a
landmark is to be perceived. Some disagreement exists, however, on the
value of 6. Since its value is critical for fuel calculations during
landing site observations in lunar orbit, 6 should be tested during an
earth orbit mission.

Lighting Constraint.- Most critical among the constraints to be
tested on Apollo T is lighting. The sun elevation angle at a given
landmark directly affects whether it can be distinguished from the
surrounding features. Despite the presence of an atmosphere on earth,
much meaningful information can be derived from Apollo 7 which will
be useful for lunar sighting. Albedo effects on the moon are secondary
to those of sun elevation angle. The value for the minimum elevation
angle affects the sequencing of landmark and landing-site sightings and
possibly introduces constraints on the lunar launch window.

Weather Constraint.- Cloud coverage will probably occult many
otherwise acceptable landmarks. During real time, information on cloud
coverage will be available through the MSC Weather Bureau and will be
based on local forecast and weather reports, satellite data, and airplane
pilot reports. For selection of the premission nominal plan, results
of cloud coverage probability studies were used when available. Alternate
landmarks were provided when available for areas with highly probable
cloud coverage.

The Sighting Schedule.- Table I indicates the view periods for the
available landmarks. Landmark numbers (ref. 3) are in the left-hand
column. Time of acquisition, accurate to the nearest 7.5 seconds is
given in the second column. At succeeding increments of 7.5 seconds,
the landmarks were checked again. If visible, a number representing ©
in the previous discussion apears. A pass is measured from 90°E longitude
eastward.

Table II presents the nominal Apollo T sighting schedule. Alternate
landmarks in the general area of the primary ones are given in the
right-hand column. The landmarks selected were chosen because they
could be easily distinguished-(ref. 4). Those which might be difficult
to recognize were rejected or chosen as alternates and indicated with

a footnote. Unknown landmarks were selected at convenient times when



the CSM groundtrack was void of known landmarks and was over land.

Update and Alignment Times

The times for ground uplink for the state vector and landmark
schedule (which will be discussed below) are contained in table III.
Realignment of the IMU must occur prior to each sighting pass. This
procedure prevents the insertion of large IMU errors into the observation
data, an occurrance which would seriously affect the usefulness of the
data for postflight evaluation. For both days, the state vector need
be uplinked only before the first pass. The vector uplink should be
voice checked through use of CMC program P21 or DSKY display of the
erasable cells containing the vector. The latter procedure allows the
astronaut to record the vector for possible use if a MSFN vector is
needed for some contingency. For 3 x 3 navigation, it is desirable,
but not mandatory to uplink the state vector before the second and:
third passes if the uplink does not interfere with the IMU realignment.
If the uplink interferes, it should be omitted.

Weighting Structure Load

Table IV contains the values for the initial W matrix to be used
for 3 x 3 and 9 x 9 navigation. The values for 3 x 3 will be loaded
premission. Sometime after the 3 x 3 tracking and before the 9 x 9
tracking, the values for 9 x 9 must be punched into the erasable memory
by the astronaut and verified by the flight controller. (A document
describing the selection of the weighting structure load will be
published.)

Operational Constraints

When processing landmark data (after taking marks) while over an
area without continuous MSFN coverage, the recorder must be turned on.
Since the low-bit mode is advantageous for fast readout, it should
be used. One disadvantage of the low-bit mode, however, is that the
downlink list is scanned only every 10 seconds. Therefore, when utilizing
the recorder while processing marks, it is essential to allow the
delta r - delta v display to remain on the DSKY for a least a fraction
over 10 seconds. This is the only way that the data for the particular
mark can be recorded for future studies. For high-bit rate or for
processing over tracking stations, the delta r - delta v display must
remain on the DSKY for a fraction over 2 seconds.



To aid in acquisition of landmarks, the use of auto-optics position-
ing is availaeble. Updating of the CSM vector each pass during 3 x 3
navigation will aid auto-optiecs accuracy. During 9 x 9 navigation auto-
optics for the first lendmark on the second pass may be inaccurate due to
poor propagation. Later in the mission, e.g., on day 8, 9, or 10, some
time should be devoted to the use of auto-optics with wvarious perturbations
on the state vector.

Data Requirements

Each landmark is to be marked five times as the CSM passes over it.
A minimum of four distinct landmarks with five marks apiece are required
for postflight analysis. If the scheduled known landmarks are not
visible due to cloud coverage or inability to acquire, other known
landmarks should be used. (Program P21 provides the CSM groundtrack).
If no known landmarks are available, unknowns should be marked. Practice
sessions before the actual planned three consecutive passes should be
teken.

CONCLUDING REMARKS

The sighting schedule presented above was lasbeled the nominal
Apollo T sighting schedule. During the mission any changes from the
groundtrack presented in the operational trajectory affect which land-
marks may be visible to the astronaut. For example, with a 8 of 55°
(discussed above) he may see only 2 1/2° to 3° on either side of his
groundtrack, depending on his altitude. Secondly, a number of possible
landmarks will be covered by clouds. Thirdly, the schedule needs to
be planned so that visibility constraints are tested. (The latter can
possibly be done in practice sessions.) For these reasons, the actual
landmark tracking schedule will be uplinked real-time to the astronaut.



he le £e 9c €e Th Ly 14 c9° 681 8T
19 "s 14 LE g8ty L
49 64 en se gghn
g€ 62 Ge Le 123 oY L 2s gc lgny 9
44 00°ggnh
gh T et Th £f In 18 4 00" LgHhy S
ssed Suraylrs puoosg
19 0s ah on 00°gehy
He og gc 0g Ge o 91 16 00° Lewy hee
ne 00" 20fH Al
44 19 TONY eq
ns g TH SL Tony St
0S 1] e c9 1onn L
L 2s cs 44 134 LeTONY A
61 an ch on ™ L 61 €S 00° TONY on
Ly €q h on ch oY (o] 19 Lg-oony €n
ce 12 ctl HT he 13 £n 0$ SL°oonh Sh
e HT €T cc £ ch 64 19 c9° 00t hh
€6 eh gt Llg*oony
e g€ 43 1€ e on 94 19 18" 668 LE
{4 €S €6 7S 2L g6eY 0c
T8 T 9€ el 96Ly
le 8T "t 12 € 6€ Ly €S 2L 668 8T
2s Sl q6eh
gh A ch ch i I T4 14 SLE6ER ot
hs 2s TS 18 2s 0G E6EY 8
7S 0S8 £6EY 9
7S 7s 74 7S Lg-egen H
ssed Burqudis 9satd
€ Mg (v)

098 ¢°26 088 G 29s G )€ 298 Qf 098 §'z2 098 GT 03s ¢*), 3 %8 [*3°92'3 utw ‘g ou
sntd sntd sntd sntd sntd sntd sn1d ‘uo1q1stnbos HITBUPUBT
3. 3B 3 3® 3 38 3 38 3238 3 3® 3 9B JO |uL],

gap ‘9

SMEVWANVT HTIdVIIVAV -°I A4Vl




®S 61 h ct T 66nn 86
13 8¢ e 4 ct 6¢ 9N 25 6L géht 99
£s A 6L g6hn LS
134 1M 9t 29- g6t 95
0S ef 49 LE " gé1h 14
€S Ly 6¢ G2 goMh 7$
A gl T ch & gt s 21" 86 89
TS 6 0T cc €€ el 64 99 ARt 8¢
. 19 61 €N 00°gént €S
TH 149 0t 62 €e 6¢ on 18 GL*L6nh LS
€6 8N GL-Lénn 16
9¢ T 8 QT 62 6% In €S 29° Lénh 9s
139 8t 06" Lénn cs
6e ST, ct TC A TH gh 7S L€ Lénn 9
62 LT € T e Ge 1 16 Ge  Léty ns
Le 49 62 et L €q 64 19 00" Léfh £6
€ 8¢ 43 113 6¢ i 64 7S Gl 964 18
39 64 on i il Al 6 €6 SLegbnh 0s$
as on 6¢ SL*96nH 8
TH 43 ot o¢ €e 6¢ St 18 05 "96nY A4S
A 9% 6% 06 " 96Mh on
cs 0s 8h g 0s cs ARl i
T¢E 1o éc L2 13 en 61 14 L 66Nt gh
ce S 1% L2 99 €N 6% 49 05 " 66y of
€4 64 Sh € eq an gh 2s AR 6¢
2s gh 9] 1 €N on 64h 1 X4 T AT gt

16 of 1t 93 cereony
62 AN 9 LT 62 6¢ LY 134 ¢e ehbhnn 0c
24 61 9% T Gh L 0% 7s 00°26hY Te

s 81 18] 29°06h1

psnurquo)y — ssed SurqySrs puODSg
penurjuo) - € £sq (®B)

" 098 §°2¢ SEENE | Jo9s ¢ )€ 098 0fF 09s §¢°22 098 G 098 §°), 7 98 §+9°9°8 utu ‘1 ou
sn1d snd sntd sntd sntd snTd snTd ‘uorqIsInbor | HIswpus]
3 3® 3 3B 3 3® 3 3® 3 3B 3 3® 31 3® JO suLj,

8ap ‘o

pSnuUT3uUC) - SHUVWANVT ETEVIIVAY —-°I HTEVL




ns 61 05°685Y €c
64 St ™ on I8 ik 8N €S SL-ggsy e
LU 6€ 9¢ 49 19 A gn €S 06°98%H €2
19 64 ch GL°Lgsh
€€ £€c ST 91 Ge 49 €N 0¢ Gl 984y cc
49 19 G2 68sh 91
%S #S Ge 6gsh ST
0§ eh 49 A {*]4 Tt
0s M LgrEgan 0T
1S 64 LR £QsH 6
€S Lh 6¢ LEEQSH 8
G2 ST T £c €€ ch 61 19 G2 EQSy 1T
LE € 12 6c 43 ctr on €¢ L8 29 0T
it 6€ 43 49 LE A an 159 1g°286n 6
o¢ ce LT ce 1€ of Ln 59 LE2gan 8
ssed BuTqUITS PITY]
8 00°*204h €L
s gt Th ce 06°TOSY cl
(1] fh LE“TOSH 1L
€¢ 0ot 43 LE £n 61 1S G2 TOSH Hl
gc ST c ct Gc Ge hh 16 00°T0SH €L
Tc 8 8 ¢ et h 6t 14 06°00SH cl
cs Iy 06° 005K 69
9 gc cc cc gc 9t 1 0$ LE *006H 1L
14 A of LE " 00sH 89
SS 61 en Lg-66Mh 99
h 9t €e €€ LE X gt £s 06664 69
eg L2 se g8ce 43 ch 6t 7S LE 664 89
papniouo) - ssed FurqyBTs puoosg
panurjuo) - ¢ £8q (®)
09s §°24 298 Gy 29s ¢ JE 298 0f 09s G°ge 098 ¢T 038 ¢*), 3 198 | *3°2°3 umm ‘3 ou
sntd sntd sntd sntd sntd sntd satd ‘uoratsmnbos | saeuwpus]
3 3® 3 3e I 3 3® 3 3® 3 3® 3 318 JO Sutj
ap ‘g

panuTIuUG) - SHIVAANVT FTVIIVAV —°I HTVL




10

2s 2T 6Q9n 60T
134 Iy o% ce Lg 8891 80T
6s (o]4 9f 18°889% L0T
®s X4 €S 1S LE 889 90T
gt s X ch L Ly 0s 1S el 889 60T
T ot 8 6T 62 6¢ 9 cs Lg8°Lgon 80T
h ge 9¢ g¢e 4 9N 0$ 49 L8 Lgon LoT
ssed SutqudTs yzamog
A9 Ly ot cE €e 62°509% oHT
ns cs €6 €S 14 L8109 mt
HT 0t LT L2 9¢ Y 0§ 49 S2 " Hhoon Sht
®s 2s 0s 64 0S A9 7S G2 665 0ET
7S 18 0% 61 0§ 2s "S 62 665N oL
18 00°665% gcT
2s A AR {141 AN
9% H LE 9t 8¢ H 9% 18 00" 765K gctT
18 9 g¢ 00" 65K 9ctT
79 cs rAS £S 7S Lg E65n let
h He o€ 62 et g€ i 0s 2T e6sn AN
ot he cc 9c ®E Th an "s 00°£65% 9¢ct
%S 00° 265
61 an Th on of A Iy 16 00" T6SH Le
1S es 16 14 2s ®s GL*6Qsh 92
€6 6L 6gsh fe
fs es 2s cs %S 06 684N G2
papntouo) -~ ssed Surqudrs paTyg
pepnTouo) - ¢ Aeq (©)

098 ¢°2¢ 09s ¢f 098 G )€ 09s QOf 038 ¢ g2 298 (1 098 G, 1 98 |*3°9°8 utm ¢, ou
snTd sntd sntd sntd sntd sntd sntd uor3IsInboe FIBWPURT
3 3® 3 18 3 18 3 3B 1 3® 3 3® 3 1® JO Surt],

3ap ‘¢
panutquo) — SMUVWANYT HTIVIIVAV -1 HIEVL




11

94 0% Lt e g 057198 one
LT “ L 61 6c g€ 4 18 06°€198 one
an an ox o{ oY a4 06 1S 06°TT98 9ee
0S i LE gc AREAR Lee
gT 6 €T €S 133 T4 gt Ut cL 1198 Lee
114 6% 00°2198 gee
GH h ge LE 6€ A A 14 00°TT98 gee
L 18 N ot ah Iy 64 2s L€ 6098 6£2
2s 19°6098 ccc
Lh ch g€ Ge 9¢ of 9 TS 187098 cce
2s 6L- 1658 T2
Gn Le o€ 82 43 o gh 7S 6L 9648 "1
7s 0§ Y c €N 9 0§ 6L*9648 £1e
€S T8 15 €S 6L 9648 AT
14 61 € oY Th o 16 29°£658 602
{s oL A g€ g€ Al 64 Hs Gl 6LS8 €10
2s 4] 9¢ 6c 62 Se L 1$ 29°6L59 SHo
0% ox e Tt 8 62 8¢ 8t 29°6L58 110
es 94 TH 6e o Ly €g 6L°glsg LEo
0S 25 gs 6L 9LS8 020
"e €¢ €6 06°6LSg gTo
cs 00° LS8 110
9% 33 £ T ce 9¢ 131 0$ 00°£LS8 TTO
2s He ce cT 8T (013 IH 6t 29°2Ls8 01O
€S 8n M €Y i gY cs 00°2L58 600
16 €q ce 8T € ST 6c T 21°2Lsg 800

ssed FurtqaUITS 9SITY

9 48Q ()

098 ¢°24 095 GH 098 G* ¢ 098 0f 09s G*22 098 (T 09s ¢°), 7 98 |*3°9°8 utm ‘3 ou
sntd sntd sntd sntd snd sn1d sntd ‘uo1q31sTnbOR HIBWPUBT]
3 3% 1 3% 3 3B 3 3® 3 3® 3 3B 1 3® Jo suTy

dap ‘¢

penutjuo) - SHMYWANYT TTIVIIVAV —'I JT4dVL




12

-
16 £q 419 0¢ T€ LE oY €6 LE°TLLg 62T
61 0] o€ €2 9¢ Ge Gh 1 626918 290

19 GL°69.L8 190
Ly LE €2 8 ST 0¢g Al 18 Gl g9lg 190
8n gt 92 €T 91 82 an 184 ¢l°g9lg 090
8h g€ e L ¢l g8c 4 18 21°99.8 650
19 06°.9.8 %20
0s 4 ch €q Ly 2s %S ?s 06°99.8 10
1S 2s 2§ €S 21 79lg T20
T8 Ly i fth Iy cs 00°T9.Q TT10
1S IR gt g8c 6e TE oY 64 06°09.8 (0} N¢]
ssed Surquf8TsS PATYL
T2 T 6 61 6c 8¢ 9 2s 0$°00L8 6ee
49 2s I8 49 14 LE°6198 £60
2s A i Gh 6t €S 00°6l9g TS0
24 i LE 43 e h 81 18 7log 050
19 18 8h 8N 0S 1S 6L 1lag 250
2s 0§ 0§ 2s G2 hlog gho
Ly LE G2 ST cc s St €S c1°%.Ll99 610
e L gt gc 6e 1€ of 61 6L €199 A {0]
s 64 n €q ¢y 05 SL'€L9g 910
61 6¢ L2 LT cc e il €S 6c*LLog 6£0
. 19 G2 1log geo
Ly LE e LT e 9€ 9t "S 62 elog ge0
TS 9t ct ch 9% TS 29°2.19¢ L£0
€6 In on 9¢€ JxS ch 6% 29°0L9g 0co
44 L8°8998 810
Lh 8¢ L2 1 9c 9¢ 9t X L8°199g 810
"s (v]4 9% Sh Ly 04 SS 29°699¢ 900
sged BuTqyd1is puooag
psnurjuc) - g Leq (q)

098 ¢°*24 098 Gy 09s ¢* )€ 298 Qf 088 ¢*ge o8s GT 098 ¢, 9298 |°1°9°3 utm “3 ou
sntd snT1d snTd sntd snTd sntd sntd uoT1IsInbor HIBWPURT
3 38 3 18 3 38 3 1B 3 3® 3 3B 3 3B JO auty

Fop ‘¢

pSNUTIUO) - SHUVWAINV'T

HIIVIIVAV -1 HTIdVdL




13

76 44 29°5998 u{os
€S 61 oY eh ef Ly 134 SL° %988 S0
1S 0$ gn Iy 61 €6 06° 19988 c0T
%S €S €S 7S 05" 17988 T0T
154 Lg 5988 €0T
A H 43 ce 43 Al i 194 LE 1988 €0T
&4 TH fe S TE 8¢ 94 €S 1£°€988 Ge0
949 2s G2 ' %988 "EO
L €e 02 L 9T o¢ ch 0S GC°£988 #e€0
14 cs 0$ 64 16 e G2 2988 €€0
81 8t L2 LT 8T 62 h 0s 62°2988 ceo
[AY 0$ TS €6 c1°2988 620
99 ¢l 2988 820
0% €q ®Ee 9¢ G2 FAS e 0§ 00° 2988 T€0
cs St 6¢ 9¢ Le e 8N ®s L8°T988 0£0
L €¢ €6 ng c1°28l8 mt
2s Sh 62 2.8 ent
A gc 6T JA fe ®e 1| 0% G)°"1Q8LB ent
eh en o 6¢ TH Gh 0s 19 29°18.8 chT
7S 2s 0% 0§ 14 L 29°1g8le ™HT
7S 134 A £ GL°08.L8 6£T
14 8N 00°08.8 8ET
o% og 9t e ST 62 of 6 00°6LLG geT
134 Iy ™ LE 9¢ 6€ 4] 0% 00°gLL8 LET
1S 14 gk gk 64 2s 29°9lLlg 9eT
1 133 e £T 0c A3 1311 18 06°1LL8 GET
T4 8t 9% JAi TS 19 29°€llg ET
19 05°€6L8 cET
8h 6¢ 6c T fe £€e £y 16 06°cllg cET
on A 9¢ "E Le it 0S le-zgllg TET

popniouc) - ssed Surlylrs pPITY]L

penutquo) - 9 £BA (q)

098 (*g6 098 6N 098 G )€ 098 QF 098 ¢*22 098 G1 098 ¢, 4 98} 393 utm ‘9% ou
snTd snTd sntd sn1d sntd sntd sntd cuorqarsmbos | Fasupuw]
3 38 3 3% 3 3% 3 3% 3 3% 3 e 3 e Jo suty

Fap ‘6

psnutiuo) ~ SMUVWANVI TIVIIVAY -°I ATdVL




1k

64 an A on ™ £f A 154 6L°6Lgg Iyt
2s Iy ™ 6L°9l8g ont
43 0t 62 et gt L 0s 99 GL°SL88 Nt

ssed JuTrqudrs Yjanod

papnTouo) - 9 ABQ (4q)

SET I a-14 098 ¢y 298 ¢ )€ 038 0¢ 298 G¢°22 09s GT 998 ¢*) 1 98 |°3°9°3 utm ‘3 ou
sntd sntd sntd sntd snTd sntd sntd ‘uotyistnbor NIBWpPURT
3 3% 3 3® 3 3B 3 3B 3 3B 3 3E 3 38 JO Sutg

PIpPUTouUo) - SHYVWANVT ATIVIIVAV —°1 HIdVL




15

aaTa0aad 03 FOTIITA,

L2t ‘ser 0°6L BIQUNTO) N 91 0°00:€E: it € 00°£651
€2 0°6L odTx3| ‘ootdurey 22 0°GH:92i i€ GL 9gsH
mm aww $*L9 *FTTBO JO 3T 0T gresiee it Lg-2gsn
SpueTsI ALBAPTH umouus 0°9€:Q0: 1€ 09°895H

ssed BuT4yITS paryg,
gl ‘95 ‘es ‘t1¢ 0°6L *dey uedTUTWOQ 99 0°SHigs:giE SL-génn
Te 6°eg §BX9], ‘U03S3ATRY Oc 0°6T:26:2:¢ Gg-26hn
S 0°6L *J1T8D ‘0391(Q uBg 9 0"GL:ly:g:¢E SetLlgn
sTBOYDS 998FTad I usouun 0°0£:9€:2:€ 0S5 9Luh

ssed JutquITs puoosg

Pa3ydTT

BOTAIY 4T umouxyun 0°00:2G:T:€ 00°-ctth
528 BIOZUY M hee 0°00: L T:€ 00" Lenh
g ‘i 0°SL BPTIOTH N an 0°Gn:02:T:¢ Gl ooy
0°09 *JTTBD JO JTIND ot O GH:ET:T:E GL-g6En
0°0¢t Treasy umouyun JI0 4 2°SGiE0 T E Lg-egey

ssed JutqyBIs 3satd

£ feq (®)
BaJB UL o9s uoT3ed07] YIBWPUBT oas:utm: Iy: sfeq uTm T830]

SHIBWPURT 99BUISLTY

‘omWI] MATA

*9°5+3 uorgzrsmboy

HINAHIHOS ONILHOIS MHVWANVT TYNIWON -'II ATIdVL




16

aataoxad og Pﬁ:oﬂmmﬁmd

0°06 IBOSBEIEDEN § one A AL R 2 AL LE€T98
BEC, (A4S BOTJAJY TBIUS) 6£2 g g6z te:s Nm.momw.
0°09 eTO3UY M éee g esineee:s 181098
£Te 0°09 BIUTND M fte 0°GHr9T:€e:s 6L°9648
LE ‘a4 G z¢ BPTIOTd N Sh g2 le:66:22:6 29°6LS8
6y .wd G cs *JTTBD JO JTND 0T grlesesiege:s 29-2leg
sged FurquITs 3SITd
9 4£eq (a)
¥I18p TIT3 sumouyuf
80T, AP
Lo, 0°09 J0pBnoy M 60T 2°2G:g0:9:¢ 2T 8894
ssed Sut3audts yYzaInoyg
0°06 11zBIg ‘JIOpPBATES ant 0-GTinnin:e AR (0] ]
gct TT2zeag TBL3US) usouxyuy 0°6E:6E:1:€ 00" 665
ssed Jutquydis paTyg
panNuUTlUO) -~ £ Leg (®)
BOJIB UT oss uoTIBO0T YIBupue] oes:utm: I1y: skeq utw 8307

SHIBWPUBT IJBUISITY

‘owWTy MOTA

*3°9°3 uorjzIsInboy

panutquo) - ATNCAIHOS ONIIHOIS MYVWANYT TYNIWON —°II 14Vl




17

saTaoaad oa ITOTIFTA,

enT ‘Tt 619 TT28ag 3S®Y ENT 0°Gn:itT2:e:9 SL°Tglg
gET ‘LET §*LE BUBTNY) YDUSLY 9€T 2rLE:91:2:9 29°9L.8
g*es BISNZUSA JO N PUBTSI 621 0°22:11:2:9 LETLLY
29 ‘19 ‘09 ‘6 0°09 OXTXSN ‘BPTIN g 0°0£:90:2:9 05°99.8
1T g es *JTTBD JO JIND 0T 0°0£:00:2:9 0$°09.8
PaUSTT
sTeOUdg 9983TLd *Id JT unsouxun 0°H2:9n:T:9 on°9nLg
ssed JurqydTs pITYyg
6° 28 BOTLIY 3SOMYINOG Gee 0°0£:00:T:9 0$°00L8
umouyun
TS ‘08 0°0€ SpuB[S] BUBYBY a0 €6, 2°86ME0:9 Le°6Ll9g
6€ Qe ‘LE 0°SK sBexs], ‘U03S9ATBY (oA 2T LE:0E:0:9 29°0L98
0° Sy <JTTB) ‘0Fe1Iq Uu®S 9 2°)e:162:0:9 29°5998
ssed BurqyITS PuUOIIG
penurijuo) - 9 £BQ (q)
B3JIB UT Y] uoT3BO0T HIBWPUBT D9s:uUTW: IY: S£BQ utm TBR0J

SHABWPUBT 94BUILTY

‘owry MOTA

*3°9°8 uotryIsINboy

penutiuc) - YTNAHHOS DNIIHDIS MHVWANVI TVNIWON ~°II TIdV.I




18

ReT 0°09 TTzeag J It 0°00:95:€:9 009188
BOTISUWY g umouyu[ 0°00:TS:€:9 00°T.g88
BOTAOWY G usouxuy 0°00:Ly:€:9 00°.L999
€€ ‘eE 6*es BOTY BISO) M € 0°00:ch:€:9 00°2088
ssed BUT3UYITS Y3anog
papnTouo) - 9 £Bq (9)
BSJIB UT o9s uoT3BOOT YIewWpue] oas:uTw:ay: sfeq utw TB30J

SYIBWPUEBT 99BUISITY

‘oWT} MSTA

*1°9°3 uorjrsmboy

PIPUToUO) - HINAIHOS DNILHDIS MIVWANVT TVNIWON —°II HIdVL




19

TABLE ITI.- TIMES FOR GROUND UPLINK AND

IMU ALIGNMENT

Ground Approgimate
station g.e.t., hr:min Event

(a) Third day

HTV T1:50 State vector update

time tagged to T3h00m.
Landmark schedule uplinked

First sighting pass

CRO, CNB T2:25 P52 IMU realign

Second sighting pass

CRO T3:55 P52 IMU realign
CRO Th4:10 State vector update
(optional)

Third sighting pass

CRO T5:25 P52 IMU realign
CRO, GWN 75:45 State vector update
(optional) -

(b) Sixth day

TEX 139:L45 State vector update

CRO 140:35 P51 IMU orientation

HTV ' 141:20 Landmark schedule
uplinked

First sighting pass

CRO 142:10 P52 IMU realign

Second sighting pass

CRO 143:35 P52 IMU realign

aApproximate times from reference 5.




TABLE III.- TIMES FOR GROUND UPLINK AND

IMU ALIGNMENT -~ Concluded

Grougd Approgimate
station g.e.t., hr:min Event
(b) Sixth day - Concluded |
Third sighting pass
CRO 145:10 P52 IMU realign
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TABLE IV.- WEIGHTING STRUCTURE LOAD®

(a) 3 x 3 Mode on the third day

WORPOS, £ v v o « o o o o o « o o o o o & . 0
WORBEVEL, f£/S€C + « = o o = « v o o o o o« o o o o« u 0
WLMK, ft
Known landmark . ¢« « « ¢ « o« o s o « o « « « » o 10 000
Unknown landmark; hardwire v e e e e e e e e 1 500
(b) 9 x 9 Mode on the sixth day
WORPOS, ft « & ¢ ¢ v ¢« v v o 4 ¢ e ¢ o o o o o o o 200
WORBEVEL, ft/S€C '« « v & + o o ¢ o o & o o o o o o o 0.2
WIMK, ft
Known landmark . « + « o ¢ o o o o o o o o« s o 500
Unknown landmark; hardwired . . . . . . . . . . 1 500

SWORPOS - initial value for vehicle position portion of W matrix
WORBEVEL - initial value for vehicle velocity portion of W
matrix

WLMK - initial value for landmark position portion of W matrix
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